the neo-membrane of hematoma have been recently clarified. Additionally, the roles of inflammatory, fibrinolytic, angiogenic, and coagulation-system factors in the CSDH have been investigated (3, 7, 8, 12, 22, 32) . Currently, CSDH is considered a chronic self-perpetuating inflammatory process involving the dura mater.
as the initial mechanism in the development of CSDH (14) , and the posttraumatic subdural hygroma due to a traumatic tear of arachnoid membrane can cause a CSDH (23) . In patients with traumatic CSDH, the majority of trauma histories consist of minor traumas (11) , but traumas vary from highimpact traumas such as falls, slips, motor vehicle collisions, and assaults to low-impact traumas such as slight collisions. However, it is unknown whether the intensity of trauma influences the pathogenesis of traumatic CSDH.
The purposes of this study were the following: 1) to measure subdural molecules related with the pathogenesis of CSDH, such as typical inflammatory cytokines [interleukin-6 (IL-6) and interleukin-8 (IL-8)], angiogenic growth factors [vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF)], and a highly specific protein in CSF [betatrace protein (βTP)]; and 2) to analyze the possible connection between the intensity of trauma and the pathogenesis of traumatic CSDH.
█ mATERIAl and mEThODS

Patient Population
Between January and December 2013, 49 consecutive patients with trauma histories had been admitted to our institute for surgical management of CSDH. Of these, 18 patients with the following risk factors were excluded from this study, as these patients had greater chance of adversely affecting the results: concomitant hematologic disease (n=1); long-term use of thrombolytics, anti-coagulants, or anti-inflammatory therapy or hemodialysis (n=12); dementia (n=2); or presence of a ventriculoperitoneal shunt for hydrocephalus (n=3). The remaining 31 patients were enrolled in this prospective study.
The traumatic CSDHs were divided into high-impact and lowimpact groups according to the intensity of trauma. A highimpact head trauma was defined as a head injury by a strong force in a short moment, such as a fall, slip, motor vehicle collision, or assault. They occur suddenly and sometimes are accompanied by altered consciousness. Based on the distribution of pain visual analogue scale (VAS), patients should describe their pain intensity as moderate or severe (45-100 mm) at the time of trauma. A low-impact head trauma was defined as a head injury from a slight collision, and patients sometimes do not remember the exact date of trauma. Based on the distribution of pain VAS, patients usually describe their pain intensity as none or mild (0-44 mm) at the time of trauma.
According to the density of preoperative CT scanning, CSDHs were radiologically classified into 2 groups, homogenous and heterogenous groups (22) . All patients underwent burr hole drainage. Age, gender, medical history, presence of a trauma history, pain VAS, neurological condition on admission [assessed by the Markwalder grading scale (16) ], maximal thickness of CSDH, the laterality of CSDH, and the recurrence were evaluated. Samples of the subdural hematoma and venous blood were obtained at burr hole drainage. The subdural hematoma sample was obtained through the dura mater with a disposable plastic syringe via a burr hole. Peripheral venous blood samples were also taken from the patients. All samples were collected into siliconized vaccum tubes containing protamine sulfate and ethylene diamine tetraacetic acid and were immediately centrifuged at 2500 to 3000 rpm for 10 minutes. The supernatants were stored in sealed polypropylene tubes at -70℃ until analysis. Concentrations of IL-6, IL-8, VEGF, and bFGF in the subdural fluid and venous blood were measured with an ELISA kit (R&D System Co, Minneapolis, Minn, dilution 1:100) using monoclonal antibodies.
Measurement of Beta-Trace Protein (βTP)
The βTP is a marker highly specific for CSF, and more than 99% of the βTP is produced by the choroid plexus in the central nervous system, and is obtained in the CSF. The βTP concentration in CSF is 32 to 35 times higher than the βTP concentration in the serum (βTP SER ) (1, 24) . Samples of subdural fluid with a βTP concentration (βTP SF ) at least twice as high as the βTP SER (βTP (SF/SER) >2, corresponding to a rate of at least 5% CSF in the subdural fluid) were considered indicative of the presence of CSF in the subdural fluid. If the ratio of βTP (SF/SER) in the subdural fluid was <2, a CSF admixture to the subdural fluid was not considered to be present (9) . In addition, the concentration of βTP reflected the amount of CSF present in the CSDH (12) . Levels of βTP in the subdural fluid and serum were measured with an ELISA kit [Cayman Chemical, Ann Arbor, MI, USA, dilution 1:100 (subdural fluid), 1:10 (serum)] using monoclonal antibodies.
Statistical Analysis
The levels of IL-6, IL-8, VEGF, bFGF and βTP in the CSDHs were compared according to the intensity of trauma, respectively. Statistical analysis was performed using the chi-square test and the Mann-Whitney test. Data are presented as the mean ± standard deviation. All analyses were performed using SPSS 14.0 for Windows. A p-value < 0.05 was accepted as the threshold for statistical significance.
█ RESUlTS
Clinical and Radiological Data
Thirty one patients were enrolled in the study and their main characteristics are summarized in Tables I and II . There were 25 men and 6 women, with ages ranging from 38 to 97 (average 68.9 years). Seventeen patients (55%) reported high-impact head traumas, and 14 patients (45%) reported low-impact head trauma. High-impact traumas consisted of slips (10), traffic accidents (4), a fall (2), and being hit with a bottle (1) . Fourteen patients with a low-impact head trauma remembered slight collisions. The Markwalder grading scale mm (range, 8 to 29 mm). There were no statistically significant differences in terms of bilaterality and thickness of CSDH between the two groups. However, the correlation between the intensity of trauma and the CT density missed statistical significance by a small margin (p=0.052), and patients with a high-impact trauma showed more heterogenous CT densities.
laboratory Findings
All concentrations of IL-6, IL-8, VEGF, bFGF and βTP from the CSDHs were higher than the values in the peripheral venous blood. The ratio of βTP (SF/SER) was >2 in 100% of the patients with a CSDH. We compared concentrations of IL-6, IL-8, VEGF, bFGF and βTP from the CSDHs according to the intensity of trauma, respectively (Table III) .
ranged from 1 to 3 with a mean of 1.7. The mean time interval between head trauma and surgery for CSDH was 35.7 days (range, 10 to 109 days). Two patients had a recurrence (6.5%) that required a second operation. There was statistically a significant difference in terms of pain VAS between highimpact and low-impact groups (high-impact group: mean 75.8, range 52-92; low-impact group: mean 20.9, range 10-32; p<0.001), but there were no statistically significant differences in terms of other demographic characteristics, recurrence and Markwalder grading scale between high-impact and lowimpact groups.
Computed tomography showed bilaterality of CSDH in 5 patients (16%), and 3 out of 5 patients in that group had a high-impact trauma. The mean thickness of CSDH was 17.6 can be attributed to both the presence of a subdural collection of CSF contaminated with a small number of blood cells and blood-derived factors and the dural inflammatory reaction. And, Komatsu et al. (10) demonstrated that CSF with a small number of blood cells, including inflammatory cytokines, persists for a certain period in the subdural space, and such fluid collection causes inflammatory changes in the dura mater and neo-membrane formation on the inner side of the dura mater. Although the mechanism of CSF leakage (and its component βTP) in to the subdural space in CSDH remains unknown, two hypotheses were suggested: (1) CSF (and its component βTP) enters the subdural space of CSDH through the arachnoid tear that acts as a valve and (2) CSF (and its component βTP) crosses the inner membrane of the CSDH into the subdural space by diffusion/exudation (12) . The former mechanism is supported by the high prevalence of preceding head trauma in patients with CSDH and subdural hygroma (SH), by the sporadic intraoperative identification of arachnoid tears, and by sporadic accumulation of tracer within the subdural space during cisternography in patients with SH, but the latter mechanism has not yet been observed or assessed (2, 4, 5, 15, 26, 27) . In our study, we hypothesized that higher intensity head traumas may be indicative of more CSF leakage into the subdural space. A result of our study was that the mean concentration of βTP SF in the high-impact group was higher than it was in the low-impact group (P = 0.02). Since greater levels of βTP SF are associated with higher levels of CSF admixture, the high intensity of a head trauma may be a clinical indicator of greater CSF leakage into the subdural space.
Many inflammatory cytokines and angiogenic growth factors have been associated with the neo-membrane formation of CSDHs. Suzuki et al. (28) reported that the level of IL-6 and IL-8 in the subdural fluid of patients with CSDH were much higher than those in the peripheral blood and subdural effusion, and suggested that the immature outer membrane may be the source of the cytokines. Shono et al. (25) reported that enhanced production of VEGF by macrophages and vascular endothelial cells in the outer membrane is thought to be pathogenetically important in CSDH. In our study, the concentrations of IL-6, IL-8, VEGF, and bFGF in the CSDH of all patients were higher than in the peripheral blood. The concentrations of IL-6, IL-8, and VEGF (but not bFGF) in the high-impact group were higher than those in the low-impact group. Although there were no significant differences between two groups, potentially due to the small sample size, the greater levels of molecules in the high-impact group may be indicative of greater inflammatory and angiogenic activities of the neo-membrane.
The appearance of CSDH on CT scans may be correlated with the levels of molecules related with pathogenesis of CSDH. They suggested that these findings appear to be associated with re-bleeding and evolution in CSDHs. In addition, Kristof et al. (12) reported that the amount of CSF leakage into
The mean concentrations of IL-6, IL-8, and VEGF (but not bFGF) from the CSDH in the high-impact group were higher than those from CSDH in the low-impact group (IL-6 = 3617.4 pg/mL, IL-8 = 6082.9 pg/mL, VEGF = 13146.3 pg/mL versus IL-6 = 2951.3pg/mL, IL-8 = 2787.5pg/mL, VEGF = 8712.2pg/ mL), but there were no statistically significant differences, respectively.
The mean concentration of βTP SF from the CSDH in the highimpact group was higher than it was in the low-impact group, and the difference was statistically significant (high-impact group: mean 6.1 mg/L, range 1.8-13.1 mg/L; low-impact group: mean 3.9 mg/L, range 1.5-6.6 mg/L; p=0.02). The ratio of βTP (SF/SER) from the CSDH in the high-impact group was higher than it was in low-impact group, but the difference was not statistically significant (high-impact group: mean 10.8, range 2.3-29.6; low-impact group: mean 7.6, range 2.4-16.8; p=0.17).
█ DISCUSSION
Pathogeneses of CSDH remain unclear. However, trauma is known to be the most important risk factor for the development of CSDH. Head traumas probably result in small oligo-or asymptomatic subdural hemorrhages due to the tearing of a bridging vein, and subdural hemorrhages may induce neomembrane formation (29) .
The inflammatory and angiogenic process of the neomembrane, along with the cycle of re-bleeding, coagulation, and fibrinolysis are hypothesized to be at the center of the development and progression of CSDHs (4, 6, 8, 12, 19, 30, 31) . In addition, traumatic subdural hygroma, defined as an accumulation of cerebrospinal fluid in the subdural space after trauma, is frequently associated with the development of CSDH (23) . As a result, many coagulofibrinolytic factors, inflammatory cytokines, angiogenic growth factors, and highly specific proteins for CSF have been associated with CSDHs (3, 7, 8, 12, 22, 32) . We hypothesized that higher intensity head traumas prior to the CSDH may be associated with greater levels of these molecular markers, especially suggesting more CSF admixture into the subdural space.
Some studies have suggested that CSF leakage into the subdural space may influence the development of CSDH. Kristof et al. (12) reported that βTP, a highly specific CSF marker, was shown to be present in the subdural fluid of the vast majority of CSDH patients (94%) in his study, and suggested that CSF leakage into the subdural space could be involved in the pathogenesis of CSDH. Ohno et al. (21) reported that an increase in postoperative subdural fluid collection over the course of 1 week was a significant risk factor for CSDH after aneurysm clipping. And, Tanaka and Ohno (29) reported that nearly 50% of patients with asymptomatic subdural fluid collection after head trauma developed CSDH. In our study, the ratio of βTP (SF/SER) was >2 in 100% of our patients, and CSF was considered to be present in each case of CSDH.
CSF leakage into the subdural space after head trauma may correlate with neo-membrane formation. Tanaka and Ohno (29) suggested that the causes of neo-membrane formation the subdural space could influence the pathogenesis and recurrence of CSDH and subdural hygroma. In our study, statistical significance was missed by a small margin (p=0.052) between intensity of trauma and CT densities, but CSDHs in the high-impact group showed more heterogeneous densities on the CT scans. In addition, they showed greater levels of molecules than those in the low-impact group. Furthermore, CSDHs in the high-impact group revealed greater CSF leakage into the subdural space. Although there was no statistically direct correlation between the amount of CSF leakage and levels of molecules, potentially due to the small sample size, the amount of CSF leakage may provide another possibility for the evolution and re-bleeding of traumatic CSDH.
In the present study, we did not conduct a comparative study between patients with and without a recurrence, because the recurrent cases (6.5%) were fairly low in number. In the future, a prospective study is needed to evaluate the relationship between the intensity of head trauma and the recurrence rate.
█ CONClUSION
Trauma may be related to CSF leakage into the subdural space in traumatic CSDH, and greater impact intensity could be associated with more CSF leakage. Although there is no direct correlation between the amount of CSF leakage and other subdural molecules, we suggest that the amount of CSF leakage according to the intensity of trauma may influence neo-membrane formation and the concentrations of molecular markers, such as inflammatory cytokines and angiogenic growth factors. In addition, the intensity of trauma may provide another possibility for the evolution and re-bleeding of traumatic CSDH.
█ ACKNOwlEDGmENT
We thank Wade Martin of Medical Research International for his critical review of this manuscript.
